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INTERFEROMETRIC SYSTEM FOR THE USE 
OF SPECIAL-PURPOSE OPTICAL SYSTEMS 

FIELD OF THE INVENTION 

[0001] The present invention relates to an interferometric 
system Which includes an illumination arm having a light 
source and an illumination optical system for forming an 
illumination beam path; an object arm having a special-pur 
pose optical system for measuring an object for the purpose of 
forming an imaging beam path; a reference arm having an 
adjusting element and a reference element coupled thereto; a 
detector arm having a detector; and a beam splitter, an at least 
partially transparent dispersion-compensating medium being 
provided in the reference arm for compensating the disper 
sion of the optical components of the object arm. 

BACKGROUND INFORMATION 

[0002] The manufacture of precision parts requires mea 
surement methods for detecting the geometry and condition 
of the parts to ensure the quality of such parts. Optical mea 
surement methods, for example imaging and image evalua 
tion, interferometry, and White light interferometry play an 
important role in this process. 
[0003] The principle of the White light interferometer is 
based on the fact that a short-coherent light source is used for 
illuminating an imaging system. In addition to the normal 
imaging optical system, the imaging system also has a refer 
ence arm through Which a portion of the incident light passes. 
If the propagation path of light A0 in the object arm differs 
from the propagation path in reference arm A R by an amount 
Which is less than coherence length 16 of the light, i.e., 

tAR-Aokzc (1) 

the recombined light ?elds may have a measurable interfer 
ence. This is utiliZed by varying the path difference of the 
light ?elds in a de?ned manner during the measurement and 
simultaneously measuring the intensity of the recombined 
light ?elds on a planarly measuring detector, usually a CCD 
camera. The pixel-by-pixel evaluation of the intensity modu 
lation generated by the interference, the intensity correlo 
gram, supplies unambiguous height information for each 
individual pixel. When carried out for the entire pixel ?eld, 
this results in complete height information for the object. 
[0004] Commercial White light interferometers typically 
have the folloWing speci?cations: 
[0005] Height resolution AZ is speci?ed by the average 
Wavelength of light um, coherence length 16 and the type of 
correlogram evaluation algorithm used. Typical parameters 
such as km:600 nm, 16:2 um provide values of AZIl nm. 
[0006] Lateral resolution 6 resembles that of a conventional 
imaging system and, in principle, is limited by 7t," and 
numerical aperture NA of the imaging optical system. 

6;0.61‘gmfNA (2) 

[0007] Maximum measurable total height difference Zmax is 
determined from the technical feasibility of producing a path 
difference in the reference arm and object arm Which is pre 
cisely guided over the entire distance. Regulated pieZoelec 
tric systems currently support values of Zmax§400 um. 
[0008] Conventional interferometers, in particular White 
light interferometer systems, may be used for the tasks 
described above if the location to be measured is easily acces 
sible and has a largely ?at geometry. If this is not the case, 
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interferometers are used Which have a special -purpose optical 
system Which is adjusted to the object to be measured. 
[0009] For example, interferometers having endoscopic 
optical systems are knoWn (Lindner MW 2002 “White Light 
Interferometry V121 an Endoscope” Proc SPIE 4777: 90-101) 
Which enable hard-to-reach locations to be measured. The 
optical endoscope is characterized by the fact that the imaging 
lenses may be placed so close to the object that numerical 
aperture NA in equation (2) assumes values Which support an 
adequate resolution 6. 
[0010] German Published Patent Application No. 101 15 
524 describes a White light interferometer in Which an optical 
system for generating a ?at intermediate image is situated in 
the measuring light path. HoWever, the object in this case is to 
provide a depth scan. 
[0011] German Published Patent Application No. 100 47 
495 describes a White light interferometer having an interme 
diate image Which uses an endoscope for measurements in 
deep, narroW holes and has a depth resolution of several 
nanometers. 

[0012] A measurement system in Which the reference arm 
accommodates an electrically controllable ?lter for adjusting 
the intensities of the reference and measuring beams is knoWn 
from German Published Patent Application No. 101 62 180. 
[0013] Panoramic optical systems are an important type of 
special-purpose optical system for White light interferom 
eters, Which are adjusted to the component. They provide 
images of objects positioned at a large angle relative to the 
optical axis. 
[0014] HoWever, these optical systems have the disadvan 
tage that the architecture of the interferometric system is 
determined by the special-purpose optical system to the 
extent that the system may not be used for any other measur 
ing task using a different special-purpose optical system. 

SUMMARY OF THE INVENTION 

[0015] The object of the present invention is to provide an 
interferometric system in Which the system has a ?exible 
design and may be adjusted to the measuring tasks With a 
minimum of effort. 
[0016] The object of the present invention is achieved by 
the fact that the dispersion-compensating medium is 
exchangeable and is also adjusted to the special-purpose opti 
cal system. This enables different special-purpose optical 
systems to be used, While minimizing modi?cations of the 
interferometer. The interferometer may therefore be used uni 
versally and is adjustable to a Wide range of measuring tasks, 
including those Which are as yet unknoWn at the time of its 
design. 
[0017] If the length of the reference arm is adjusted to the 
length of the object arm, special-purpose optical systems of 
varying optical length may be used. 
[0018] In a preferred embodiment, the dispersion-compen 
sating medium is made of glass. Due to the many different 
variants of optical glass, the medium may be adjusted to a 
Wide range of special-purpose optical systems. Glass bodies 
of this type are also easily exchangeable. 
[0019] If an intermediate image is produced in the object 
arm, an unambiguous interface may be de?ned for exchange 
able special-purpose optical systems. 
[0020] According to an embodiment Which is designed for 
industrial use, a telecentric imaging beam path is formed in 
the object arm and in the detector arm leading to the detector. 
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This largely prevents magni?cation errors, image errors, and 
angle errors, Which favors the use of different special-purpose 
optical systems. 
[0021] The telecentric beam path in the object arm is dupli 
cated particularly Well in the reference arm by situating at 
least one lens in the reference arm. 

[0022] An easy adjustability to different measuring tasks is 
achieved by providing a mechanical device for changing the 
special-purpose optical system in the object arm. 
[0023] If the illumination beam path is essentially parallel 
at the location of the intermediate image, the object may be 
illuminated by parallel light. This achieves a particularly 
good imaging quality. 
[0024] Designing the diameter of the parallel illumination 
beam path to have variable settings enables the illuminated, 
and thus measured, surface to be selected. 
[0025] A particularly good adjustment to different optical 
characteristics of the special-purpose optical systems as Well 
as to the object surface is achieved by enabling the illumi 
nance and/or the spectral characteristic of the illuminating 
light to have variable settings. 
[0026] A particularly easy adjustment of the illuminance is 
achieved by positioning a preferably variable diaphragm in 
the illumination arm. 

[0027] If a ?lter is situated in the illumination arm, the 
spectral characteristic of the illumination light may be par 
ticularly easily adjusted to the measuring task. 
[0028] An advantageous embodiment for a simple, univer 
sal design is provided by the fact that a special-purpose opti 
cal system adjusted to the object is designed in such a Way that 
the optical path lengths of the beams re?ected back from 
different object points are compensated by the special-pur 
pose optical system With regard to the reference surface 
de?ned by the Wave front of the reference arm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 shoWs a schematic representation of a White 
light interferometer system according to the related art. 
[0030] FIG. 2 shoWs a schematic representation of an inter 
ferometric system in an embodiment according to the present 
invention. 
[0031] FIG. 3a shoWs a schematic representation of an 
exemplary embodiment for a measuring task. 
[0032] FIG. 3b shoWs a schematic representation of the 
beam path for the measuring task according to FIG. 3a. 

DETAILED DESCRIPTION 

[0033] Interferometric system 1 of the White light interfer 
ometer system according to the related art, Which is illustrated 
schematically in FIG. 1, includes an object arm 40 in Which 
the surface to be measured of an object 41 is positioned, and 
an illumination arm 20 Which has a light source 21 and an 
illumination optical system 22 including one or more lenses. 
Interferometric system 1 has a reference arm 10, including a 
reference element 12, Which is positioned orthogonally in 
relation to illumination arm 20 and object arm 40 and is 
mechanically coupled to an adjusting element 13, usually a 
pieZoelectric system. A detector arm 30 Which includes a 
detector 31, usually a planarly measuring detector 31 such as 
a CCD camera, is positioned diametrically opposed to refer 
ence arm 10. An evaluation device (not illustrated in greater 
detail) is provided for evaluation purposes. 
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[0034] A beam splitter 50 splits and recombines the differ 
ent light beams so that the light beams from reference arm 10 
and those from object arm 40 may interfere in the manner 
described above at detector 31 in detector arm 30. The archi 
tecture of an interferometric system 1 according to the related 
art is thus largely de?ned. Changes to the design Which may 
result from different measuring tasks are possible only to a 
limited extent. 

[0035] In contrast, FIG. 2 shoWs an interferometric system 
1 in Which, according to the present invention, different mea 
suring tasks may be performed by a simple adjustment of the 
interferometer architecture. 

[0036] Interferometric system 1 includes an illumination 
arm 20 having a light source 21 and an illumination optical 
system 22, and an object arm 40 having a special-purpose 
optical system 42 for measuring, for example, hard-to-reach 
surfaces of an object 41. In the illustrated exemplary embodi 
ment, the special-purpose optical system is designed as an 
endoscope and, using for example a panoramic optical system 
42.1 having a spherical lens at the end of the endoscope, 
enables the imaging of objects 41 Which are positioned at a 
large angle relative to the optical axis. 
[0037] An adjusting element 13, usually a pieZoelectric 
system, and a reference element 12 mechanically coupled 
thereto and designed as a ?at reference mirror, are situated in 
reference arm 10, enabling a depth scanning of object 41. 
Detector arm 30 includes a detector 31 designed as a CCD 

camera Which may be used to carry out an extensive, pixel 
by-pixel evaluation of the intensity modulation generated by 
the interference, the detector supplying unambiguous height 
information for each individual pixel and thus for the surface 
of object 41. Another Way to perform the depth scan is to 
move interferometric system 1, With or Without special-pur 
pose optical system 42, relative to object 41. 
[0038] An illumination beam path 60 is supplied from light 
source 21, via illumination optical system 22 to beam splitter 
50, Which alloWs a portion of the light to pass into reference 
arm 10. A portion of the light is diverted to illuminate object 
41 into object arm 40. The light re?ected by the object is 
supplied to detector arm 30 in the form of illumination beam 
path 70. In detector arm 30, illumination beam path 70 (re 
?ected reference beam) may interfere With illumination beam 
path 60 re?ected back by reference mirror 12. 

[0039] According to the present invention, a dispersion 
compensating medium 11, Which compensates the dispersion 
of special-purpose optical system 42 and is at least partially 
transparent, is introduced into reference arm 10. In a preferred 
embodiment, dispersion-compensating medium 11 is 
exchangeable and may be adjusted to the optical characteris 
tics of special-purpose optical system 42. It is also conceiv 
able to adjust the length of reference arm 10 to special 
purpose optical system 42. 
[0040] In a preferred speci?c embodiment, dispersion 
compensating medium 11 is made of at least one glass body 
Which, in combination With the other components of refer 
ence arm 10, has approximately the same dispersion as the 
components of object arm 40. In other embodiments, at least 
partially transparent plastic bodies or vessels ?lled With ?uid 
or gas are also conceivable. 

[0041] This system enables different special-purpose opti 
cal systems 42 to be used in a single interferometric system 1. 
The necessary adjustment of the dispersion in reference arm 
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10 is easily achieved by exchanging dispersion-compensat 
ing medium 11 and, if necessary, adjusting the length of 
reference arm 10. 

[0042] The exemplary embodiment illustrated in FIG. 2 
also includes a lens system in object arm 40 Which has a lens 
44 Which may be used to generate an intermediate image 43 in 
the region betWeen lens 44 and special-purpose optical sys 
tem 42, the intermediate image being mapped to detector 31 
by a telecentric imaging beam path 70 in object arm 40 and 
detector arm 30. Telecentric optical systems designed in this 
manner are intended, in particular, for the use of industrial 
image processing systems and largely prevent magni?cation 
errors, image errors, and angle errors. Different Working dis 
tances from the object do not affect the scaling of the image, 
Which enables, in particular, different special-purpose optical 
systems 42 to be exchanged. Illumination beam path 60 is 
ideally designed in such a Way that a parallel beam path is 
formed at the location of intermediate image 43. 

[0043] According to a preferred embodiment, a mechanical 
device for changing special-purpose optical system 42 is 
preferably provided betWeen telecentric imaging beam path 
70 and special-purpose optical system 42 so that special 
purpose optical system 42 is easily exchangeable in a manner 
similar to a re?ex camera. Quarter-turn or threaded fasteners 
are advantageous in this case. 

[0044] Illumination optical system 22 in illumination arm 
20 may have a variable diaphragm 23 Which may be used to 
vary the illumination aperture in such a Way that the diameter 
of parallel illumination beam path 60 may be variably set at 
the location of intermediate image 43. In addition to a variable 
setting of the illuminance, a ?lter 24 may be situated in 
illumination arm 20 in equally preferred embodiments, 
enabling the spectral characteristic and thus the resolution 
conditions to be modi?ed. Filter systems Which enable vari 
able settings are particularly preferred. Furthermore, it is 
advantageous if the illuminance is also in?nitely variable, for 
example using a neutral Wedge ?lter. 
[0045] According to one exemplary embodiment, an inter 
ferometric system 1 having the features described above is 
used for inspecting internal combustion engines, in particular 
for the quality control of valve seats in diesel injection sys 
tems. 

[0046] FIG. 3a shoWs a schematic representation of a mea 
suring task of this type. In this case, special-purpose optical 
system 42 has a panoramic optical system 42.1. This system 
provides images of obj ects positioned at a large angle relative 
to an optical axis 80. Panoramic optical systems of this type 
are used, for example, to measure valve seats, for example by 
detecting cone angle y, the roundness along the sealing edge 
and surface characteristics such as roughness. 

[0047] Geometrically, the shape of valve seats largely cor 
responds to that of female taper surfaces. FIG. 3b shoWs a 
schematic representation of the geometry. Assuming ideal 
surfaces, imaging the female taper results in an intensity 
curve of the generated interference bands of 

l(r):const.lo{l—lm COS((2T|§/;Mm)2 cos((y/2)r)} (3) 

Where r is the radial direction on the conical surface, lo the 
average intensity and Im the intensity modulation generated 
by the interference. The condition for adjacent interference 
maxima is 

AINZIr cos(y/2) (4) 
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Equation (3) demonstrates that the intensity is modulated by 
a period length II of 

HIAm/(Z cos(y/2)) (5) 

The ability to see the interference bands requires a resolution 
Which is better than period length II. 
[0048] It is possible to increase period length II by using 
reference elements 12 adjusted to the shape of the object. This 
reduces the requirement to be met by the optical resolution of 
the system. HoWever, reference element 12 (in addition to 
dispersion compensation elements 11) must be adjusted to 
object 41 to be measured, Which requires a certain amount of 
effort. 
[0049] Using a special-purpose optical system 42 adjusted 
to object 41, it is possible to further increase period length II 
in such a Way that the optical path lengths of different object 
points are compensated by a special-purpose optical system 
42 With regard to the (virtual) reference surface de?ned by the 
Wave front of reference arm 10. 

[0050] For example, if the reference surface is ?at, special 
purpose optical system 42 is designed so that object 41 is 
mapped at least approximately to a corresponding plane. 
[0051] In this embodiment of interferometric system 1, a 
high resolution of the image and detection device is no longer 
decisive, in particular, for example, if the roundness or cone 
angle of object 41 is to be measured. 
[0052] This interferometric system 1 enables sharp images 
to be produced, no relative movement betWeen special-pur 
pose optical system 42 and object 41 being needed during the 
measurement for refocusing. As a result, endoscope geom 
etries such as curved or very long endoscopes may also be 
used. The depth scan is carried out by the movement of a 
reference element 12 in reference arm 10. 

[0053] Reference arm 10 is part of an interferometric plat 
form. The modi?cation of the imaging optical system 
requires a one-time modi?cation of the optical length of ref 
erence arm 10 and the adjustment of dispersion-compensat 
ing medium 11, Which is easily accomplished by its 
exchangeability. 
[0054] In summary, an interferometric system 1 according 
to the present invention may be used to provide a universal 
White light interferometer platform Which enables different 
measuring tasks to be carried out by simply exchanging spe 
cial-purpose optical systems 42. This also enables even inter 
ferometric measurement systems Which are resistant to envi 
ronmental in?uences to be produced. 

1-13. (canceled) 
14. An interferometric system, comprising: 
a light source; 
an illumination arm including an illumination optical sys 
tem for forming an illumination beam path; 

an object arm including a special-purpose optical system 
for measuring an object for the purpose of forming an 
imaging beam path; 

a reference arm including an adjusting element and a ref 
erence element coupled thereto; 

a detector arm including a detector; and 
a beam splitter, Wherein: 

an at least partially transparent dispersion-compensat 
ing medium is provided in the reference arm to com 
pensate a dispersion of optical components of the 
object arm, and 
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the dispersion-compensating medium is exchangeable 
and is also adjusted to the special-purpose optical 
system. 

15. The device as recited in claim 14, Wherein a length of 
the reference arm is adjusted to a length of the object arm. 

16. The device as recited in claim 14, Wherein the disper 
sion-compensating medium is made of glass. 

17. The device as recited in claim 14, Wherein an interme 
diate image is produced in the object arm. 

18. The device as recited in claim 14, Wherein a telecentric 
imaging beam path is formed in the object arm and the detec 
tor arm leading to the detector. 

19. The device as recited in claim 14, further comprising: 
at least one lens situated in the reference arm. 
20. The device as recited in claim 14, further comprising: 
a mechanical device for changing the special-purpose opti 

cal system is provided in the object arm. 
21. The device as recited in claim 17, Wherein the illumi 

nation beam path at a location of the intermediate image is 
formed to be essentially parallel. 
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22. The device as recited in claim 21, Wherein a diameter of 
the parallel illumination beam path is variably settable. 

23. The device as recited in claim 14, Wherein at least one 
of an illuminance and a spectral characteristic of an illumi 
nation light is variably settable. 

24. The device as recited in claim 14, further comprising: 
a preferably variable diaphragm situated in the illumina 

tion arm. 

25. The device as recited in claim 14, further comprising: 
a ?lter situated in the illumination arm. 

26. The device as recited in claim 14, Wherein: 

the special-purpose optical system adjusted to the object is 
designed in such a Way that optical path lengths of beams 
re?ected back from different object points are compen 
sated by the special-purpose optical system With regard 
to a reference surface de?ned by a Wave front of the 
reference arm. 


